Abstract: Aim: This study presents length-weight regressions adjusted for the most representative microcrustacean species and young stages of copepods from tropical lakes, together with a comparison of these results with estimates from the literature for tropical and temperate regions; Methods: Samples were taken from six isolated lakes, in summer and winter, using a motorized pump and plankton net. The dry weight of each size class (for cladocerans) or developmental stage (for copepods) was measured using an electronic microbalance; Results: Adjusted regressions were significant. We observed a trend of under-estimating the weights of smaller species and overestimating those of larger species, when using regressions obtained from temperate regions; Conclusion: We must be cautious about using pooled regressions from the literature, preferring models of similar species, or weighing the organisms and building new models.
floodplain, and to evaluate whether there are significant differences between the results of this work and those presented in the literature for the same species in tropical and temperate regions.
Methods
The study was undertaken on six lakes (Clara, Genipapo, Osmar, Jacaré, Zé do Paco and Pousada das Garças) located on the Upper Paraná River floodplain, in the states of Paraná and Mato Grosso do Sul, Brazil (Figure 1 ). The main environmental features of these lakes are presented in Table 1 .
Microcrustacean samples were collected in the subsurface pelagic region of each lake, using a motorised pump to filter 600 L of water per sample through a plankton net of 68 µm mesh size, in winter (August 2000) and summer (February 2001) . However, regressions were only calculated for a particular species for the periods and lakes in which they occurred. All the organisms used in the regressions were fixed in formaldehyde (4%) and buffered with calcium carbonate. We did not perform corrections for organism preservation, in agreement with Omori (1978) . The samples were preserved for at least six months before analysis.
Individuals were separated into size classes (mm), which varied according to the cladoceran and copepod species, but obeyed the maximum intervals suggested by Bird and Praire (1985) . Length measurements were obtained using a micrometer reticule and objective lens (×10 magnitude) in an optical microscope, with an accuracy of 10 µm. For the cladocerans, the body length was considered to be the distance between the superior extremity of the head, without the helmet, and the end of the carapace, without the spine (Hardy, 1989) , except for Daphnia gessneri, whose superior limit was considered as the superior portion of the eye. For the copepods, the body length was considered to be the distance between the head and the last abdominal segment.
Following measurement, the zooplankton organisms were washed in running tap water, rinsed at least three times in distilled water and placed on pre-weighed and pre-dried aluminium boats. In a laboratory, the organisms were dried at 60 °C for 24 hours (Wetzel and Likens, 1991) and then cooled in desiccators for at least 2 hours. Eggs and embryos were removed from the individuals before the weighing. A variable number of individuals of each species (minimum of 5 µg per size class; Dumont et al., 1975) were weighed using a Sartorius Supermicro-54 (0.1 µg accuracy) microanalytical
Introduction
The establishment of length-weight regressions are fundamental when determining the biomass of aquatic communities and also in most studies of food web interactions and secondary productivity (Edmondson and Winberg, 1971; McCauley, 1984; Castilho-Noll and Arcifa, 2007; Ghidini and Santos-Silva, 2009 ), which contribute to our knowledge of how aquatic ecosystems function. For microcrustaceans (cladocerans and copepods), weight estimates from length-weight regressions have been the most frequently used technique employed to approximate the biomass of these organisms. Furthermore, an accurate measurement of biomass is necessary to understand the structure and dynamics of biological communities (Bird and Praire, 1985) .
Studies carried out by Dumont et al. (1975) and Bottrell et al. (1976) presented an extensive list of length-weight relationships for freshwater zooplanktonic species in temperate regions and illustrated significant differences that may occur in the regression parameters of a single species. These differences may be due to geographical distribution, different habitat types, temperature, and food availability and composition (Michaloudi, 2005) . There may also be differences between planktonic and non-planktonic species.
In tropical regions, mainly Brazil, there are few studies that discuss length-weight regressions for microcrustaceans (Maia-Barbosa and Bozelli, 2005; Santos et al., 2006; Castilho-Noll and Arcifa, 2007) and biomass (Rocha and Tundisi, 1984; MatsumuraTundisi et al., 1989; Blettler and Bonecker, 2006; Melão and Rocha, 2006; Sendacz et al., 2006; Bonecker et al., 2007; González et al., 2008) . Length-weight regressions based on the population parameters of species from temperate regions differ from those obtained in tropical regions, primarily in relation to zooplankton body size, which tends to be smaller in tropical regions (Saint-Jean and Bonou, 1994) . Blettler and Bonecker (2006) argued that the lack of studies with data on planktonic microcrustaceans is related to difficulties in determining the organisms' dry weight. This fact may be associated with a lack of suitable equipment, due to the high costs and time required to obtain the data and to the absence of specific regressions for tropical species.
The aim of the present study was to establish length-weight regressions for the most representative cladoceran and copepod species in lakes of a tropical Herbst, 1967 , Macrothrix squamosa Sars, 1901 , Diaphanosoma spinulosum Herbst, 1 9 6 7 , Mo i n a m i n u t a ( Ha n s e n , 1 8 9 9 ) , Arg yrodiaptomus azevedoi (Wright, 1935) , Notodiaptomus amazonicus (Wright, 1935), balance (10 -7 g scale). For more detailed methods, see Blettler and Bonecker (2006) .
Daphnia gessneri
The most representative microcrustacean species in the lakes were Bosmina hagmanni Stingelin, 1904, Ceriodaphnia cornuta Sars 1886, Figure 1 . Location of the lakes sampled on the Upper Paraná River floodplain, in the states of Paraná and Mato Grosso do Sul, Brazil (CLA = Clara Lake, GEN = Genipapo Lake, PGA = Pousada das Garças Lake, JAC = Jacaré Lake, OSM = Osmar Lake and ZEP = Zé do Paco Lake). [gras/cip = predominance of grass and cyperaceans; rem. sucess= successional riparian forest remnants;*occurrence of Croton and Inga uruguensis; **occurrence of Polygonum; Area (ha); Dept = depth (m); Temp = temperature (°C); Cond = conductivity (µS cm ); DO = dissolved oxygen (mg L -1) and Turb = turbidity (NTU); OSM = Osmar Lake; JAC = Jacaré Lake; PGA = Pousada das Garças Lake; GEN = Genipapo Lake; CLA = Clara Lake and ZEP = Zé do Paco Lake].
regressions for Bosmina hagmanni obtained in the present study and those regression parameters obtained by Maia-Barbosa and Bozelli (2005) (Table 4 ). This enabled a single regression line to be established for this species in tropical regions (W = 11.011 L 2.638 , r 2 = 0.97) (Figure 4 ). Ceriodaphnia cornuta and Moina minuta presented regressions with similar slopes, but significantly different intercepts (Table 4 and Figure 2) .
The ANOVA results, performed between the actual dry weight values obtained by weighing each size class (W) and those values generated by calculating regressions from the present study (PS) and the literature for cladocerans (MB, H, GH, B and D) and copepods (B and D), indicated significant differences for Bosmina hagmanni, Daphnia gessneri, Moina minuta, Thermocyclops decipiens and T. minutus. The LSD tests indicated that the dry weight values (W and PS) from this study were significantly different from those presented in published regressions for B. hagmanni and D. gessneri (Dumont et al., 1975; Bottrell et al., 1976) and M. minuta (Bottrell et al., 1976; Ghidini and Santos-Silva, 2009 ). Considering tropical and temperate regions, the results of Maia-Barbosa and Bozelli (2005) for B. hagmanni were also statistically different from those of Dumont et al. (1975) and Bottrell et al. (1976) . A similar pattern is apparent between their results for M. minuta and those of Bottrell et al. (1976) (Table 5 ).
The LSD tests showed no significant differences between our D. gessneri results and other tropical data (Table 5 ). There were, however, greater differences between our results and those of Hardy (1989) , which varied by about 108%, and also between Hardy (1989) and both Dumont et al. (1975) and Bottrell et al. (1976) , which varied by about 44% and 21%, respectively (Table 6) . Ceriodaphnia cornuta, Diaphanosoma spinulosum and Macrothrix squamosa did not exhibit significant differences between the dry weight values in this study (W and PS) and the values estimated in the literature (MB, H, B and D) (Tables 5 and 6 ).
For copepods, the LSD tests also indicated that our dry weight values (W and PS) for Thermocyclops decipiens and T. minutus were significantly different from those presented in the regressions performed by Bottrell et al. (1976) ( Table 5 ). The species length and dry weight values (W) from our study were lower than those estimated by the regressions of Dumont et al. (1975) and Bottrell et al. (1976) (Table 6 ). There were no significant results when comparing the dry weight Thermocyclops decipiens Kiefer, 1929 , T. minutus (Lowndes, 1934 and developmental stage (Calanoida copepodids).
The length-weight regression used was Y = a x b , where Y = ln W (µg), x = ln L (mm), a = estimate of intercept, b = estimate of slope. These were calculated from the dry weights corresponding to each class of body size; both values were transformed into natural logarithms.
We compared our length-weight regressions for three cladoceran species (Bosmina hagmanni, Ceriodaphnia cornuta and Moina minuta) with those from other Brazilian floodplain (Maia-Barbosa and Bozelli, 2005) , through analysis of covariance (ANCOVA) for the same species (Zar, 1999) . For copepods, length-weight regressions were not compared, due to an absence of data in the literature for adult and young stages of same species from other floodplain lakes in Brazil.
We also assessed whether there were difference between our observed (W) and estimated results (PS) of microcrustacean dry weights and those estimated by regressions from the literature in tropical and temperate regions (Dumont et al., 1975; Bottrell et al., 1976; Hardy, 1989; MaiaBarbosa and Bozelli, 2005; Ghidini and SantosSilva, 2009 ), through analysis of variance (ANOVA) followed by LSD post-hoc tests. These analyses were based on the size values of the studied species and Calanoida copepodids. The regression of Hardy (1989) used carbon content, which was considered to be 40% of the individuals' dry weight (Baranyi et al., 2002) .
Results
In general, the range of variations in length was higher for Daphnia gessneri, Diaphanosoma spinulosum, Thermocyclops decipiens and T. minutus than for Bosmina hagmanni, Ceriodaphnia cornuta, Macrothrix squamosa, Moina minuta and Argyrodiaptomus azevedoi. Dry weight variations followed the same pattern. The variation ranges of mean length and dry weight are shown in Table 2 .
The length-weight regressions may be considered suitable for the estimation of dry weights for the cladoceran and copepod species studied, given the statistical significance of the coefficients of determination (r 2 ), p-values (Table 3 ) and confidence limits (95%) from the lines for most of the species (Figures 2 and 3) .
The ANCOVA results indicated no significant difference between the slope and intercepts of the
Discussion
Understanding length-weight relationships for zooplankton species is important for the development of studies of this community in aquatic ecosystems. Furthermore, this information is fundamental to the study of the biomass of these organisms and associated secondary production, and ultimately for understanding ecosystem processes.
Our results showed that the dry weight and length values of the cladoceran species were values (W and PS) of Argyrodiaptomus azevedoi, Notodiaptomus amazonicus and Calanoida copepodids observed in our study with those from the literature (Dumont et al., 1975; Bottrell et al., 1976) (Table 5 ). However, when we used length values of individuals to estimate dry weight, our results were higher than those in the literature (Table 6 ). Comparison of A. azevedoi with the literature was not possible, since no previous studies exist for this species. The same pattern was observed in a comparison with Bottrell et al. (1976) : among 11 cladoceran species, only two of the smaller species, and one of the larger species, displayed similar sizes to those determined in the present study. Most species recorded by these authors were characterised by greater maximum lengths (some reaching 3.25 mm) than those obtained for the species studied in the present study (1.06 mm).
As was the case with the cladocerans, the dry weight and length values of the copepod species Thermocyclops minutus and T. decipiens were similar to those presented in other studies similar to those presented in other studies from tropical region (Maia-Barbosa and Bozelli, 2005), but differed from those from temperate regions (Dumont et al., 1975; Bottrell et al., 1976) . These differences are due to the greater length of the cladoceran species in temperate regions. For example, Dumont et al. (1975) The smaller lengths of the cladoceran and copepod species in our study can be explained by the higher temperatures experienced in tropical regions. Temperature is an important factor, which regulates zooplanktonic organisms, since it influences their metabolism. At higher temperatures, zooplankton experience a decrease in egg development time, combined with increases in population growth rate and food rate (Melão, 1999) , which results in decreased body length. from tropical regions (Castilho-Noll and Arcifa, 2007; González et al., 2008; Brito, 2010) but significantly different to those from temperate regions (Dumont et al., 1975; Bottrell et al., 1976) . This fact also is attributed to the greater lengths of copepod species in temperate regions. All the Copepoda species listed by Bottrell et al. (1976) illustrated greater lengths (maximum 2.45 mm) than the species recorded in our study (maximum 1.9 mm). (X = mean; SD = standard deviation; * = significant differences, p < 0.05). (4 classes in our study compared to 7 classes in the Amazon study) and to the different methods employed to estimate biomass (Duncan et al., 1985) . Hardy (1989) used carbon content (Salonen, 1979) to estimate dry weight (which was then interpreted), while the present study actually measured dry weight. Our dry weight results for Moina minuta (W and PS) were different from those estimated by the regressions of the Ghidini and Santos-Silva (2009) at Tupé Lake (Amazon). This can be explained by seasonality. Several authors have concluded that large variations in weight-length regressions in temperate regions are the result of seasonality (Persson and Ekbohm, 1980; Geller and Müller, 1985; Akbulut, 1998; Kawabata and Urabe, 1998) . This relationship has also been observed for M. minuta in tropical regions. Our results were obtained during the summer, while those described by Ghidini and Santos-Silva (2009) were acquired in the winter. In summer, species tend to have lower biomass, since some of it is consumed as the creatures spend more energy, which implies a reduced dry weight (Blettler and Bonecker, 2006) . The statistical differences (ANOVA results) between dry weights from studies in tropical (W, PS and MB) and temperate regions (B and D) for three cladoceran species (B. hagmanni, D. gessneri and M. minuta) may be the result of higher temperatures, combined with increased quantity and quality of food resources, in tropical region (Rocha, 1983; Kankaala and Johansson, 1986; Hardy, 1989) , and also specimen morphology (Dumont et al., 1975; Blettler and Bonecker, 2006) . In addition, the cladoceran species used to The higher intercept values of the regressions for Ceriodaphnia cornuta and Moina minuta indicates that their weights are always proportionately higher than those observed by Maia-Barbosa and Bozelli (2005) for a same class of body size (ANCOVA results). However, this difference in intercept values was not sufficient to demonstrate a statistical difference between the dry weights estimated by the regressions of Maia-Barbosa and Bozelli (2005) and the values observed in this study (W and PS) .
The variation between the dry weights of Daphnia gessneri in our study and those estimated by the regressions of Hardy (1989) in tropical regions (Amazon) is about 108%, which is large but not significant. This is probably related to the small number of size classes considered in our analysis Table 6 . Means and standard deviations of dry weights (µg) from studied species, obtained using regressions from the present study (PS), Maia-Barbosa and Bozelli (2005; MB), Hardy (1989; , Ghidini and Santos-Silva (2009; GH) , Bottrell et al. (1976; B) and Dumont et al. (1975; D) , considering the measured length classes, and from direct weighing of individuals (W). The differences in observed and estimated dry weights for Thermocyclops species between our study and Bottrell et al. (1976) were attributed to variations in copepod species composition in temperate and tropical regions. This is the principal factor explaining statistical differences in dry weights between these regions. Only one of the 11 species recorded in the temperate region by Bottrell et al. (1976) was co-generic to our study (Thermocyclops hyalinus). In general, temperate regions are characterised by larger species of copepod and tropical regions by smaller species. Thus, weight-length regressions from temperate regions should have higher intercept and slope values than our results, leading to dry weights being overestimated for larger species and underestimated for smaller species in tropical regions. This explains the absence of significance differences in the dry weights of Calanoida species between our study (W and PS) and Dumont et al. (1975) and Bottrell et al. (1976) .
Study

Conclusions
The results of our length-weight regressions for cladocerans and copepods indicated the suitability of these equations for estimating the dry weight of some tropical species and Calanoida copepodids. In addition, our results showed that when regressions from temperate regions were used to estimate dry weights of tropical microcrustacean species there was a striking tendency to overestimate the weight of larger species (as illustrated in our study) and underestimate these values for smaller species, even though the sizes of the species involved were within the limits of the regression. Thus, we must be cautious when using pooled regressions from the literature, selecting models from similar species, or weighing the organisms and building new models.
